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I. ~ODUCTICN 

Tnls re~or~ su~zarlzes progress a=hieved during the month on the 
program '~luidized-bed Gasification" which is a part of the general program, 
"Gas Generator Research and Development," being conducted by Bi "tumlnous Coal 
Research, Inc. j for the Office cf Coal Research. This represents the tenth 
report of progress under Contract No. 14-32-00~1-1297. 

Design work on the fluidized-bed gas~_ficaticn ~U (Process and 
Equlr~zent Development Unit) has begun after receipt, on June 22, 1972, of 
authorization from CCR to execute a subcontract ~th Foster %'heeler Cor~- 
eratimn for au ezgineerdng design package. The laberatoxT{ study of the 
reactivity of P~G~ char with steam has been c:=pleted. 

A. Fluldized-bed PEDU 

During the month of ~My~ proposals were received from four eagineerimg 
carpazles offering their services to design the fluidlzed-bed PERU. Cn 
June 5, 1972~ after intensive r e v i e w  of all proposals, authorization w~s 
requested from CCR to negotiate a subcontract ~th the Foster %~eeler 
Corporation. Authorlzahien was received sad Foster ~eeler has be&-am their 
pre!im!nsmy design work. 

Representatives of Foster %~eeler met %-ith ~CR on June 28 to discuss 
the basis for desigz of the PEDU. it was emphasized that the flow diagram 
given in Y~pper's drawln~ Number 2Ah38 is only a schematic ~f the zult!ple- 
bed concept and is not to be regarded as a fixed basis for ~fhu~ther design. 
It was intended to develop a multiple fluldized-bed gasificaticn system that 
-'~uld start with coal and have, as the only produc%, a clean fuel gas. The 
flow diagram presented in drawing INNu~ber O_A438 is one way of acc=mplishiaE 
this. However, the indi~_dual pieces of equipment contaired in that diagr~n 
are meant only to define process functions, not to detail an exclusive or 
optlzum choice of hardware. 

The scope of work to be performed by Foster Wheeler was discussed to 
ensure complete understanding ca the part of BCR as well as Foster ~eeler. 
Foster ~]aeeler will provide, at a minimum, specifications and dra%-ings in 
sufficient detail to substantiate costs and to establish performance criteria. 
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P & I dra-~lngs, general arrangement drawings, and details of specialty vessels 
would be typical ~f the work to be performed. Piping details or isometrics, 
struct'aral steel details, and other such "detail design" items are not 
considered part of this initial design work. 

The Pittsburgh seam coal shown in C oltunn C of Table 5 will be used 
for the base case material balance calculations in an air blown system. 
Reactor dimensions have not been fixed, but the internal diameter should be 
at least l~ inches to ensure meaningful data for scale-up p~rposes. Solids 
handling and storage vessels and equi_wment will be designed for semi-continuous 
operatlcn, that is, a 24- to 48-hour test run. 

B. Laborat.or~ Investi~.ations ' 

The study of the reaction of HYGAS char with steam was completed. 
gas chromatograph was readied for on-stream analysis of the product gas 
from the fluidized-bed batch reactor. 

A 

i. Char Reactivity Studies: The study of the reaction of ~_'G~IS char 
with steam was completed. Appendix A in Progress Report 9--~ (~CR L-hT1) gave 
a description of the ex~.erlmental procadure. Sixty runs were made at tem- 
peratures from 900 to !lCO C and steam concentrations in nitrogen from 33 to 
!00 percent. As with the other chars iavestigated~ the reaction rate was 
found to be independent of particle diameter; that Is~ chemical reaction at 
the internal surfaces was the rate-controlling step. The experimental data 
were described by the following rate equation: 

(i - x) =Ash + (1- Ash) e -k(C~O) "63t 

and 

-!.Ca z l@ 
K = 3.31x i0 s e T 

where X = fraction of char reacted 

T = temperature, ~Kelvin 

C = concentration of reacting gas 

t = time in minutes 

k = apparent reactivity (lb C reacted ) 
C inventory- mln) 

Ash = weight percent of ash in unreacted char 

From this rate equation, an activation energy of 36 kcal/mole and a 
pre-exponential factor of 3.31 x 106min "~ ~ere calculated. Again the rate 
was fractional order~ 0.63, with respect to the steam concentration. Table 6 
presents the analyses of the chars used in these reactivity tests. Figures 
13 and !h are plots of typical experimental data along wlth plots of the derived 
rate equation. Figure 15 is an Arrhenlns f plot of the reaction rate coeffi- 
cient of HYG~ char compamed with other chars investigated. 



TABLE 5. TYPICAL ANALYSIS CF CCA[~ TO BE USED IN FLUIIIZED BED GACI~ICATICN PELU 

Ana!Maes 

Proximate, Percent 

Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

Ultimate j. Pe~ee~t 

Moisture 
Carbon 
llydrogen 
Nitrogen 
Sulfur 
Ash 
txygen (by difference) 

lleating Value, Btu/Ib 

A B C I' 

Lignite 
S staple 1993-8016- u? 

A, Used D ,ry_._ 

25.4 -- 
33.7 45.2 
39.7 43.8 
8.2 ii.o 

25.t~ _. 
48.2. 64.6 
3.2 4.2 
0.6 0.9 
I.I 1.5 
8.2 ii.0 

13.3 17.8 

7,980 10,700 

Zubt ituminous C, 
E]~ol 

Sa,,ple e~90-8Ol6-pA 

As Used Dr[__ 

17.9 -- 
34.3 41.8 
44.3 54.0 
3.5 4.2 

l'1.9 -- 
59. e 7e. i 
4.3 5.2 
1.1 1.3 
e .7 ,9 
3.4 ~.e 

13.4 16.3 

10,250 12,490 

High Volatile A 
Blt~m, inou~ 

Pittsb%ivgh Seam 
,s~,~ I~ 2f55-£o16-4 

As Used pr~ 

l i4 -- 

37.9 38.4 
54.5 55.3 
6.2 6.3 

164 -- 

78.1 79.9 
5.4 5.5 
1.4 1.4 
1.5 1.5 
6.2 ( .3  
6.0 6.1 

13,89o 14,o9o 

Medium Volntlle 
Bitumlnous 

Lower Kitbunnlng 
Seam 

Smr~ple 2(97-8016-6A 

AB Nse~ Din/__ 

Oi~ --- 

93.0 23.1 
61.7 61.9 
14.9 15 .O 

0,4 -- 

74. ~ 74.5 
4.5 4.5 
i.i i.i 
~..4 2.4 

14,9 15. o 
2.5 2.5 

13,130 13,186 



TABI,E 6. Id~ALYSIS CF CHARS USED IN REACTIVI~"f TESTS 

FMC 

C~n~ol 

~rIGAS 

Lignite* 

Elkol* 

Pitt sburgh* 

Dry_Basis, Percent 

Proximate Ultimate 
Fixed 
Carbon Ash Carbon l~ydregen Nitrogen 

88.9" 7.65 88.7 O.8 1.3 

58.4 30.0 5~.I 1.92 1.16 

74.6 22.5 73.5 1.35 0.62 

71.4 17.3 77.1 1.03 0.49 

82.5 li.6 8~.0 1.8 

83.5 12.3 83.4 1.42 0.9 

¥olatlle 
Matter 

2.85 

11.6 

2.1 

11.3 

5.9 

4.e 

Sulfur 

0.6 

9.39 

2.89 

o.9o 

o,37 

0.76 

Ash 

7.7 

30.0 

22.7 

17.3 

ii.6 

12.3 

0.9 

1.43 

O.O 

4.18 

1.29 

* 6"nar made from these coals in BI-GAS Stage 2 PFZU. 

to 
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Figure 13. Correlat ion of HYGAS Char Reactivi ty Data 
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Figure  15. A r rhen ius  Plot o f  Char  Reac t i v i t y  D a t a  w i th  Steam 
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2. Fiuidized-bed Gasification Batch Reactor: The f!uidized-bed batch 
reactor ~-ork was temporarily halted to allow time for the reinstallation of 
the F & M gas chrcmat~graph. The chrcmatograph has been installed and 
calibrated and will be used during the next report period to substantiate 
the predicted behavior of the batch reactor. Preliminary work indicates 
that the reactor kinetics for the oxygen/carbon dioxide gasification study 
can be described by assuming all the oxygen instantaneously reacts to form 
marbon monoxide and the subsequerot char/carbon dioxide reaction can be 
described by the rate equationa previously established. The extent of 
carbon dioF~de decomposition that c~n be achieved in a reactor of reasonable 
volume is yet to be investigated. 


